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g (57) Abstract: A mcthod and system for accessing subterrdnean resources {rom a limited surface area includes a first well hore (12)
~~. cxtending from the surface to the target zone (16). The first well bore (12) includes an angled portion (24) disposed between the

1arget zone and the surface to provide an offset between a sirface location of the first well bore and an intersection of the first well
bore with the subtcranean resource. The system also includes an articulated well bore (40) extending from the surface to the target
zone (16). The articulated well bore (40) is offsel from lhe! first well bore (12) at the surface and intersects the first well bore (12)
proximale the target zone (16). The system further includeséa well bore pattern extending from the interscction of the first weil bore
and the articulated well bore in the target zone to provide akcess to the target zone (16).
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METHOD AND SYSTEM F¢R ACCESSING A SUBTERRANEAN
ZONE FROM A LIMITED SURFACE AREA
! .

TECHNICAL FIELD OF THE INVEQ ION
The present invention relates generally to the field of subterranean exploration and
drilling and, more particularly, to a med;od and system for accessing a subterranean zone

from a limited surface area.

BACKGROUND OF THE INVENTION

Subterranean deposits of coal, W?hether of “hard” coal such as anthracite or “soft”
coal such as lignite or bituminous coal, <!;ontain substaln_tial quantities of entrained methane
gas. Limited production and use of metliane gas from coal deposits has occurred for many
years. Substantial obstacles have frus;trated more extensive development and use of
methane gas deposits in coal seams. 'i'hc foremost ;Sroblem in producing methane gas
from coal seams is that while coal se%xns may extend over large areas, up to several
thousand acres, the coal seams are fairlif shallow in depth, varying from a few inches to
several meters. Thus, while the coal sefams are often relatively near the surface, vertical
wells drilled into the coal deposits for ol%)taining methane gas can only drain a fairly small
radius around the coal deposits. Further, coal deposits are not amenable to pressure
fracturing and other methods often used for increasing methane gas production from rock
formations. As a result, once the gas easily drained from a vertical well bore in a coal
seam is produced, further production is limited in volume. Additionally, coal seams are

often associated with subterranean water, which must be drained from the coal seam in

order to produce the methane.

Prior systems and methods gene ; lly require a fairly level surface area from which
to work. As aresult, prior systems and Iethods generally cannot be used in Appalachia or
other hilly terrains. For example, in som?e areas the largest area of flat land may be a wide
roadway. Thus, less effective methods ni}ust be used, leading to production delays that add
to the expense associated with degasifyiitng a coal seam. Additionally, prior systems and
methods generally require fairly large %vorking surface area. Thus, many subterranean
resources are inaccessible because of Ecurrent mjning techniques and the geographic

i
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limitations surrounding the resource.; Additionally, potential disruption or devastation to
the environment surrounding the suibterranean resources often prevents the mining of
many subterranean resources.

SUMMARY OF THE INVENTION

The present invention provides a method and system for accessing subterranean

deposits from a limited surface area that substantially eliminates or reduces the.
disadvantages and problems associateél with previous systems and methods. In
accordance with one embodiment of the present invention, a system for accessing a
subsurface formation from a limited sMace area includes a first well bore extending from
the surface to a target zone. The first well bore includes an angled portion disposed
between the target zone and the surfiace. The system also includes a second well bore
extending from the surface to the targét zone. The second well bore is offset from the first
well bore at the surface and intersectséthe first well bore at a junction proximate the target
zone. The system further includes a vsilell bore pattern extending from the junction into the
target zone. '

In accordance with another einbodiment of the present invention, a method for
accessing a subsurface formation froxﬁ a limited surface area includes forming a first well
bore extending from the surface to a target zone. The first well bore includes an angled
portion disposed between the target %zone and the surface. The method also includes
forming a second well bore extending i;from the surface to the target zone. The second well
bore is offset from the first well borcéat the surface and intersects the first well bore at a
junction proximate the target zone. %The method further includes forming a well bore
pattern extending from the junction intio the target zone. |

Technical advantages of the Eprescnt invention include providing an improved
method and system for accessing subté:rranean deposits from a limited area on the surface.
In particular, a well bore pattern is dri:lled in a target zone from an articulated surface well
at least in close proximity to anotheni or second surface well. The second surface well
includes an angled portion to accomxiwdate location of the second surface well in close
proximity to the articulated well Whil;je providing an adequate distance at the target zone
between the second surface well and time articulated well to accommodate the radius of the

articulated well. The well bore pat%tem is interconnected to the second surface well
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through which entrained water, hydroé:arbons, and other fluids drained from the target
zone can be efficiently removed and/or gproduced. The well bore pattern may also be used
to inject or introduce a fluid or substanofe into the subterranean formation. As a result, gas,
oil, and other fluids from a large, low pi‘essme or low porosity formation can be efficiently
produced at a limited area on the surfa%ce. Thus, gas may be recovered from formations
underlying rough topology. In additioné, environmental impact is minimized as the area to
be cleared and used is minimized.

Yet another technical advantagie of the present invention includes providing an
improved method and system for prepa%n'ng a coal seam or other subterranean deposit for
mining and for collecting gas from thp seam after mining operations. In particular, a
surface well, with a vertical portion, an articulated portion, and a cavity, is used to
degasify a coal seam prior to mining oi)erations. This reduces both needed surface area
and underground equipment and activitiies. This also reduces the time needed to degasify
the seam, which minimizes shutdowns due to high gas content. In addition, water and
additives may be pumped into the degasiﬁed coal seam through the combined well prior to
mining operations to minimize dust and%other hazardous conditions, to improve efficiency
of the mining process, and to improve ’&Ihe quality of the coal product. After mining, the
combined well is used to collect gob gag As a result, costs associated with the collection
of gob gas are minimized to facilitate or make feasible the collection of gob gas from
previously mined seams. |

Other technical advantages of thd:a present invention will be readily apparent to one

skilled in the art from the following ﬁgui‘es, description, and claims.

b
i
i

BRIEF DESCRIPTION OF THE DRA&J{LNGS

For a more complete understan(fing of the present invention and its advantages,
reference is now made to the follou{ing description taken in conjunction with the
accompanying drawings, wherein like m?meral's represent like parts, in which:

FIGURE 1 is a cross-sectionalz diagram illustrating a system for accessing a
subterranean zone from a limited surfadie area in accordance with an embodiment of the

present invention;
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FIGURE 2 is a cross-sectionhl diagram illustrating a system for accessing a
subterranean zone from a limited surfeéce area in accordance with another embodiment of
the present invention; :
FIGURE 3 is a cross—section%al diagram illustrating a system for accessing a
subterranean zone from a limited surfafce area in accordance with another embodiment of
the present invention,

FIGURE 4 is a diagram illustraiting a top plan view of a pinnate well bore pattern

- for accessing a subterranean zone in; accordance with an embodiment of the present

invention; :

FIGURE 5 is a diagram illustrafting a top plan view of a pinnate well bore pattern
for accessing a subterranean zone in accordance with another embodiment of the present
invention; A
FIGURE 6 is a diagram illustra;‘ting a top plan view of a pinnate well bore pattern
for accessing a subterranean zone in aébcordmw with another embodiment of the present
invention;

FIGURE 7 is a diagram il]ustrailing a top plan view of multiple well bore patterns
in a subterranean zone through an articulated surface well intersecting multiple surface
cavity wells in accordance with an embbdiment of the present invention,

FIGURE 8 is a diagram illustraiting a top plan view of multiple well bore patterns
in a subterranean zone through an aréiculated surface well intersecting multiple cavity
wells in accordance with another emboéiknent of the present invention;

FIGURE 9 is a flow diagram ixllustrating a method for accessing a subterranean
zone from a limited surface area in gaccordance with an embodiment of the present
invention; I

FIGURE 10 is a flow diagram ?f,illustrating a method for accessing a subterranean
zone from a limited surface area in acf'cordance with another embodiment of the present
invention; .

FIGURE 11 is a flow diagram ;illustrating a method for accessing a subterranean
zone from a limited surface area in aczbordance with another embodiment of the present

invention; and
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FIGURE 12 is a flow diagram illustrating a method for accessing a subterranean
zone from a limited surface area in accordance with another embodiment of the present

invention,

DETAILED DESCRIPTION OF THE m VENTION

FIGURE 1 is a diagram illustraﬁing a system 10 for accessing a subterranean zone
from a limited surface area in accordance with an embodiment of the present invention. In
this embodiment, the subterranean zone is a coal seam. However, it should be understood
that other subterranean formations and/or other low pressure, ultra-low pressure, and low
porosity subterranean zones can be simiilarly accessed using the system 10 of the present
invention to remove and/or produce waiter, hydrocarbons and other fluids in the zone, to
treat minerals in the zone prior to mining operations, or to inject, introduce, or store a gas,
fluid or other substance into the zone.

Referring to FIGURE 1, a well bore 12 extends from the surface 14 to a target coal
seam 16. The well bore 12 intersects, pdneuates and continues below the coal seam 16. In

the embodiment illustrated in FIGURE 1, the well bore 12 includes a portion 18, an angled

~ portion 20, and a portion 22 disposed between the surface 14 and the coal seam 16. IN

FIGURE 1, portions 18 and 22 are illus:trated substantially vertical; however, it should be
understood that portions 18 and 22 may be formed at other suitable angles and orientations
to accommodate surface 14 and/or coal égam 16 variations.

In this embodiment, the portion ;18 extends downwardly in a substantially vertical
direction from the surface 14 a predeitermined distance to accommodate formation of
radiused portions 24 and 26, angled porftion 20, and portion 22 to intersect the coal seam
16 at a desired location. Angled portién 20 extends from an end of the portion 18 and
extends downwardly at a predetermmeq angle relative to the portion 18 to accommodate
intersection of the coal seam 16 at the df:sued location. Angled portion 20 may be formed
having a generally uniform or stralghtidlrectxonal configuration or may include various
undulations or radiused portions as required to intersect portion 22 and/or to accommodate
various subterranean obstacles, dnlhdg requirements or characteristics. Portion 22
extends downwardly in a substantially \(erncal direction from an end of the angled portion

20 to intersect, penetrate and continue bélow the coal seam 16.
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In one embodiment, to intersect a coal seam 16 located at a depth of approximately
1200 feet below the surface 14, the porﬁon 18 may be drilled to a depth of approximately
300 feet. Radiused portions 24 and 26imay be formed having a radius of approximately
400 feet, and angled portion 20 may beitangentially formed between radiused portions 24
and 26 at an angle relative to the portifon 18 to accommodate approximately a 250 foot
offset between portions 18 and 22 at a ;depth of approximately 200 feet above the target
coal seam 16. The portion 22 may be iformed extending downwardly the remaining 200
feet to the coal seam 16. However, otkiler suitable drilling depths, drilling radii, angular
orientations, and offset distances may bei used to form well bore 12. The well bore 12 may
also be lined with a suitable well casiné 28 that terminates at or above the upper level of
the coal seam 16. :

The well bore 12 is logged either; during or after drilling in order to locate the exact
vertical depth of the coal seam 16. As a result, the coal seam 16 is not missed in
subsequent drilling operations, and tec;lmiques used to locate the coal seam 16 while
drilling need not be employed. An en]aﬁged cavity 30 is formed in the well bore 12 at the
level of the coal seam 16. As descnbpd in more detail below, the enlarged cavity 30
provides a junction for intersection of the well bore 12 by an articulated well bore used to
form a subterranean well bore pattern u_g the coal seam 16. The enlarged cavity 30 also
provides a collection point for fluids dramed from the coal seam 16 during production
operations. In one embodiment, the enlafrged cavity 30 has a radius of approximately eight
feet and a vertical dimension which equials or exceeds the vertical dimension of the coal
seam 16, The enlarged cavity 30 is fonined using suitable under-reaming techniques and
equipment. Portion 22 of the well bore 1:2 continues below the enlarged cavity 30 to form
a sump 32 for the cavity 30. ;

An articulated well bore 40 extexg}ds from the surface 14 to the enlarged cavity 30.
In this embodiment, the articulated well ibore 40 includes a portion 42, a portion 44, and a
curved or radiused portion 46 interconne;cting the portions 42 and 44. The portion 44 lies
substantially in the plane of the coal sefam 16 and intersects the enlarged cavity 30. In
FIGURE 1, portion 42 is illustrated sufbstann’ally vertical, and poi‘ﬁon 44 is illustrated
substantially horizontal; however, it shoyfuld be understood that portions 42 and 44 may be
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formed having other suitable orientationé to accommodate surface 14 and/or coal seam 16
characteristics.

_In'the illustrated embodiment, the articulated well bore 40 is offset a sufficient
distance from the well bore 12 at the suxiface 14 to permit the large radius curved portion
46 and any desired distance of portion 44 to be drilled before intersecting the enlarged
cavity 30. In one embodiment, to provide the curved portion 46 with a radius of 100-150
feet, the articulated well bore 40 is offset a distance of approximately 300 feet from the
well bore 12 at the surface 14. This spaéing minimizes the angle of the curved portion 46
to reduce friction in the articulated wellé bore 40 during drilling operations. As a result,
reach of the articulated drill string di’illed through the articulated well bore 40 is
maximized. However, other suitable offset distances and radii may be used for forming
the articulated well bore 40. The portion 42 of the articulated well bore 40 is lined with a
suitable casing 48.

The articulated well bore 40 isédn'lled using an articulated drill string 50 that
includes a suitable down-hole motor and bit 52. A measurement while drilling (MWD)
device 54 is included in the articulated x";lrill string 50 for controlling the orientation and
direction of the well bore drilled by the motor and bit 52.

After the enlarged cavity 30 hasébéen successfully intersected by the articulated
well bore 40, drilling is continued througix the cavity 30 using the articulated drill string 50
and appropriate drilling apparatus to pr(ivide a subterranean well bore pattern 60 in the
coal seam 16. The well bore pattern ;60 and other such well bores include sloped,
undulating, or other inclinations of the coal seam 16 or other subterranean zone. During
this operation, gamma ray logging toolih and conventional measurement while drilling
devices may be employed to control andi direct the orientation of the drill bit 52 to retain
the well bore pattern 60 within the céonﬁnes of the coal seam 16 and to provide
substantially uniform coverage of a desirtj#d area within the coal seam 16.

During the process of drilling thé well bore pattern 60, drilling fluid or "mud" is
pumped down the articulated drill string 50 and circulated out of the drill string 50 in the
vicinity of the bit 52, where it is used to scour the formation and to remove formation
cuttings. The cuttings are then entrainedg in the drilling fluid which circulates up through
the annulus between the drill string 50 aqd the walls of the articulated well bore 40 until it
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reaches the surface 14, where the cuttifhgs are removed from the drilling fluid and the fluid
is then recirculated. This conventionéil drilling operation produces a standard column of
drilling fluid having a vertical height eéqual to the depth of the articulated well bore 40 and
produces a hydrostatic pressure on tl!je well bore corresponding to the well bore depth.
Because coal seams tend to be porousi and fractured, they may be unable to sustain such
hydrostatic pressure, even if formation water is also present in the coal seam 16.
Accordingly, if the full hydrostatic p%ressure is allowed to act on the coal seam 16, the
result may be loss of drilling fluid and entrained cuttings into the formation. Such a
circumstance is referred to as an ;"over-balanced" drilling operation in which the
hydrostatic fluid pressure in the well biore exceeds the ability of the formation to withstand
the pressure. Loss of drilling fluids and cuttings into the formation not only is expensive
in terms of the lost drilling fluids, wlnch must be made up, but it also tends to plug the
pores in the coal seam 16, which are n¢eded to drain the coal seam of gas and water.

To prevent over-balance dnlling conditions during formation of the well bore
pattern 60, air compressors 62 are prowded to circulate compressed air down the well bore
12 and back up through the artlculateg‘l well bore 40. The circulated air will admix with
the drilling fluids in the annulus aromild the articulated drill string 50 and create bubbles
throughout the column of drilling ﬂuiél. This has the effect of lightening the hydrostatic
pressure of the drilling fluid and reduciing the down-hole pressure sufficiently that drilling
conditions do not become over-balancc;ad. Aeration of the drilling fluid reduces down-hole
pressure to approximately 150-200 f;bounds per square inch (psi). Accordingly, low
pressure coal seams and other subterrahean zones can be drilled without substantial loss of
drilling fluid and contamination of the ZOne by the drilling fluid.

Foam, which may be oompreésed air mixed with water, may also be circulated
down through the articulated drill stm}g 50 along with the drilling mud in order to aerate
the drilling fluid in the annulus as ﬂil_e articulated well bore 40 is being drilled and, if
desired, as the well bore pattern 60 isibeing drilled. Drilling of the well bore pattern 60
with the use of an air hammer bit ori;an air-powered down-hole motor will also supply
compressed air or foam to the drillin;g fluid. In this case, the compressed air or foam
which is used to power the down-hole ;fmotor and bit 52 exits the articulated drill string 50

in the vicinity of the drill bit 52. i-Iowever, the larger volume of air which can be
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circulated down the well bore 12 qurmits greater aeration of the drilling fluid than
generally is possible by air supplied thr(fmgh the articulated drill string 50.

FIGURE 2 is a diagram illustrzi;ting system 10 for accessing a subterranean zone
from a limited surface area in accomédance with another embodiment of the present
invention. In this embodiment, the ::irticulated well bore 40 is formed as previously
described in connection with FIGURE I1 The well bore 12, in this embodiment, includes
a portion 70 and an angled portion 72 ciisposed between the surface 14 and the coal seam
16. The portion 70 extends downwardiy from the surface 14 a predetermined distance to
accommodate formation of a radiused iportion 74 and angled portion 72 to intersect the
coal seam 16 at a desired location. In this embodiment, portion 70 is illustrated
substantially vertical; however, it shoulfd be understood that portion 70 may be formed at
other suitable orientations to accommociate surface 14 and/or coal seam 16 characteristics.
Angled portion 72 extends from an end of the portion 70 and extends downwardly at a
predetermined angle relative to portioné70 to accommodate intersection of the coal seam
16 at the desired location. Angled port}on 72 may be formed having a generally uniform
or straight directional configuration qr may include various undulations or radiused
portions as required to intersect the !coal seam 16 at a desired location and/or to
accommodate various subterranean obst%acles, drilling requirements or characteristics.

In one embodiment, to intersect ?coal seam 16 located at a depth of approximately
1200 feet below the surface 14, the portion 70 may be drilled to a depth of approximately
300 feet. Radiused portion 74 may be il'ormed having a radius of approximately 400 feet,
and angled porﬁon 72 may be tangentjally formed in communication with the radiused
portion 74 at an angle relative to the mthon 70 to accommodate approximately a 300 foot

offset between the portion 70 and the intersection of the angled portion 72 at the target

coal seam 16. However, other suitable drilling depths, drilling radii, angular orientations,
and offset distances may be used to fokm well bore 12. The well bore 12 may also be
lined with a suitable well casing 76 thal;f terminates at or above the upper level of the coal
seam 16.

The well bore 12 is logged eithenf during or after drilling in order to locate the exact
depth of the coal seam 16. As a resuit, the coal seam 16 is not missed in subsequent
drilling operations, and techniques usedgto locate the coal seam 16 while drilling need not
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be employed. The enlarged cavity 30 1s formed in the well bore 12 at the level of the coal
seam 16 as previously described' in corinection with FIGURE 1. However, as illustrated in
FIGURE 2, because of the angled por:tion 72 of the well bore 12, the enlarged cavity 30
may be disposed at an angle relative to the coal seam 16. As described above, the
enlarged cavity 30 provides a junctifon for intersection of the well bore 12 and the
articulated well bore 40 to provide a cci)llection boint for fluids drained from the coal seam
16 during production operations. Thus; depending on the angular orientation of the angled
portion 72, the radius and/or vertical dﬁnension of the enlarged cavity 30 may be modified
such that portions of the enlarged cavifty 30 equal or exceed the vertical dimension of the
coal seam 16. Angled portion 72 of the well bore 12 continues below the enlarged cavity
30 to form a sump 32 for the cavity 30..

After intersection of the enlarged cavity 30 by the articulated well bore 40, a
pumping unit 78 is installed in the enlarged cavity 30 to pump drilling fluid and cuttings to
the surface 14 through the well bore§12. This eliminates the friction of air and fluid
returning up the articulated well bore hO and reduces down-hole pressure to nearly zero.
Pumping unit 78 may include a suckier rod pump, a submersible pump, a progressing ,
cavity pump, or other suitable pumping device for removing drilling fluid and cuttings to
the surface 14. Accordingly, coal seaéns and other subterranean zones having ultra low -
pressures, such as below 150 psi, can bie accessed from the surface. Additionally, the risk
of combiniﬁg air and methane in the Weéll is substantially eliminated.

FIGURE 3 is a diagram illustr@ting system 10 for accessing a subterranean zone
from a limited surface area in accoi’dance with another embodiment of the present
invention. In this embodiment, the #rticulated well bore 40 is formed as previously
described in connection with FIGURE ’1 The well bore 12, in this embodiment, includes
an angled portion 80 disposed betweenithe surface 14 and the coal seam 16. For example,
in this embodiment, the angled portioxi 80 extends downwardly from the surface 14 at a
predetermined angular orientation to intemect the coal seam 16 at a desired location.
Angled portion 80 may be formed h:aving a generally uniform or straight directional
conﬁgurgtion or may include various% undulations or radiused portions as required to
intersect the coal seam 16 at a désired location and/or to accommodate various

subterranean obstacles, drilling requirexfmnts or characteristics.
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In one embodiment, to intérsectéa coal seam 16 located at a depth of approximately
1200 feet below the surface 14, the ihngled portion 80 may be drilled at an angle of
approximately 20 degrees from verticai! to accommodate approximately a 440 foot offset
between the surface 14 location of the afmgled portion 80 and the intersection of the angled-
portion 80 at the target coal seam 16. However, other suitable angular orientations and
offset distances may be used to form angled portion 80 of well bore 12. The well bore 12
may also be lined with a suitable well c?asing 82 that terminates at or above the upper level
of the coal seam 16.

The well bore 12 is logged eitheir during or after drilling in order to locate the exact
depth of the coal seam 16. As a resdlt, the coal seam 16 is not missed in subsequent
drilling operations, and techniques used: to locate the coal seam 16 while drilling need not
be employed. The enlarged cavity 30 1s formed in the well bore 12 at the level of the coal
seam 16 as previously described in c:,omi}ection with FIGURE 1. However, as illustrated in
FIGURE 2, because of the angled ponion 80 of the well bore 12, the enlarged cavity 30
may be disposed at an angle relativeé to the coal seam 16. As described above, the
enlarged cavity 30 provides a junctiofn for intersection of the well bore 12 and the
articulated well bore 40 to provide a coli,lection point for fluids drained from the coal seam
16 during production operations. Thus, Edepending on the angular orientation of the angled
portion 80, the radius and/or vertical dinflension of the enlarged cavity 30 may be modified
such that portions of the enlarged cavitil 30 equal or exceed the vertical dimension of thq
coal seam 16. Angled portion 80 of the; well bore 12 continues below the enlarged cavity
30 to form a sump 32 for the cavity 30. ;

After the well bore 12, articulateid well bore 40, enlarged c.avity 30 and the desired
well bore pattern 60 have been formed,ithe articulated drill string 50 is removed from the
articulated well bore 40 and the aniéulated well bore 40 is capped. A down hole
production or pumping unit 84 is dispofsed in the well bore 12 in the enlarged cavity 30.
The enlarged cavity 30 provides a reservoir for accumulated fluids allowing intermittent
pumping without adverse effects of a hy%l:ostatic head caused by accumulated fluids in the
well bore. Pumping unit 84 may inciude a sucker rod pump, a submersible pump, a
progressing cavity pump, or other suiiable pumping device for removing accumulated

fluids to the surface.
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The down hole pumping unit 8‘? is connected to the surface 14 via a tubing string
86. The down hole pumping unit 84 is L?'lsed to remove water and entrained coal fines from
the coal seam 16 via the well bore pattern 60. Once the water is removed to the surface
14, it may be treated for separation of tinethane which may be dissolved in the water and
for removal of entrained fines. After %ufﬁcient water has been removed from the coal
seam 16, pure coal seam gas may be alléwed to flow to the surface 14 through the annulus
of the well bore 12 around the tubing% string 86 and removed via piping attached to a
wellhead apparatus. At the surface 145 the methane is treated, compressed and pumped
through a pipeline for use as a fuel in a conventional manner. The down hole pumping
unit 84 may be operated continuously oir as needed to remove water drained from the .coal
seam 16 into the enlarged diameter cavity 30.

FIGURES 4-6 are diagrams illuzstrating'top plan views of subterranean well bore

patterns 60 for accessing the coal seam '16 or other subterranean zone in accordance with

embodiments of the present invention. 'In these embodiments, the well bore patterns 60
comprise pinnate well bore patterns tha:;'t have a central or main well bore with generally
symmetrically arranged and appropriate@ly spaced lateral well bores extending from each
side of the main well bore. The pinnéte well bore pattern approximates the pattern of
veins in a leaf or the design of a feafther in that it has similar, substantially parallel,
auxiliary well bores arranged in substan:iially equal and parallel spacing on opposite sides
of an axis. The pinnate well bore patten;x with its-central bore and generally symmetrically

arranged and appropriately spaced auxiliary well bores on each side provides a uniform

pattern for accessing a subterranean fox‘l,mation. As described in more detail below, the
pinnate well bore pattern provides sui;astantially uniform coverage of a square, other
quadrilateral, or grid area and may be afligned with longwall mining panels for preparing
the coal seam 16 for mining operatiomé. A plurality of well bore patterns may also be
nested adjacent each other to provide uqi‘xjform coverage of a subterranean region. It will
be understood that other suitable well biore patterns may be used in accordance with the
present invention.

The pinnate and other suitable \fwell bore patterns 60 drilled from the surface 14
provide surface access to subterranean f;)rmations. The well bore pattem 60 may be used

to uniformly remove and/or insert fluids or otherwise manipulate a subterranean deposit.
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In non-coal applications, the well borez pattern 60 may be used initiating in-situ bumns,
"huff-puff" steam operations for heavyécrude oil, and the removal of hydrocarbons from
low porosity reservoirs. :

FIGURE 4 is a diagram illustrat%ing a pinnate well bore pattern 100 in accordance
with one embodiment of the present inv?ention. In this embodiment, the pinnate well bore
pattern 100 provides access to a substa@tially square area 102 of a subterranean zone. A
number of the pinnate patterns 100 mail be used together to provide uniform access to a
large subterranean region. |

Referring to FIGURE 4, the enljarged cavity 30 defines a first comer of the area
102. The pinnate well bore pattern :100 includes a main well bore 104 extending
diagonally across the area 102 to a distaxflt comer 106 of the area 102. Preferably, the well
bore 12 and articulated well bore 40 are positioned over the area 102 such that the well
bore 104 is drilled up the slope of the% coal seam 16. This will facilitate collection of
water, gas, and other fluids from the aikea 102. The well bore 104 is drilled using the
articulated drill string 50 and extends ﬁ:‘om the enlarged cévity 30 in alignment with the
articulated well bore 40. '

A set of lateral well bores 110 ef,xtend from opposites sides of well bore 104 toa
periphery 112 of the area 102. The lti;itera] well bores 110 may mirror each other on
opposite sides of the well bore 104 or mhay be offset from each other along the well bore
104. Each of the lateral well bores 11(5 includes a radius curving portion 114 extending
from the well bore 104 and an elongateg;l portion 116 formed after the curved portion 114
has reached a desired orientation. For \Eim'form coverage of the square area 102, pairs of
lateral well bores 110 are substantially %evenly spaéed on each side of the well bore 104
and extend from the well bore 104 at an iangle of approximately 45 degrees. However, the
lateral well bores 110 may be form at other suitable angular orientations relative to well
bore 104. The lateral well bores 110 shqrten in length based on progression away from the
enlarged diameter cavity 30 in order tc_) facilitate drilling of the lateral well bores 110.
Additionally, as illustrated in FIGURE 4'r a distance to the periphery 112 of the area 102 to
cavity 30 or well bores 30 or 40 measuréd along the lateral well bores 110 is substantially
equal for each lateral well bore 110, th¢reby facilitating the formation of the lateral well
bores 110.
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The pinnate well bore pattern 1 00 using a single well bore 104 and five pairs of

lateral bores 110 may drain a coal seaxin area of approximately 150 acres in size. Where a
smaller area is to be drained, or whereithe coal seam has a different shape, such as a long,
narrow shape, or due to surface or subtenmean topography, alternate pinnate well bore
patterns may be employed by varying%the angle of the lateral well bores 110 to the well
bore 104 and the orientation of the lateiral well bores 110. Alternatively, lateral well bores
110 can be drilled from only one side c;f the well bore 104 to form a one-half pinnate well
bore pattern. '
The well bore 104 and the lateral well bores 110 are formed by drilling through the
enlarged cavity 30 using the articul?ated drill string 50 and an appropriate drilling
apparatus. During this operation, gamfna ray logging tools and conventional measurement
while drilling (MWD) technologies émay be employed to control the direction and
orientation of the drill bit so as to retain the well bore pattern 100 within the confines of
the coal seam 16 and to maintain propér spacing and orientation of the well bore 104 and
lateral well bores 110. A

In a particular embodiment, the éwell bore 104 is drilled with an incline at each of a
plurality of lateral kick-off points 108, éAﬁer the well bore 104 is complete, the articulated
drill string 50 is backed up to each sucicessive lateral point 108 from which a lateral well
bore 110 is drilled on each side of the vwilell bore 104. It will be understood that the pinnate
well bore pattem 100 may be otherwiée suitably formed in accordance with the present
invention. :

In the embodiment illustrated in FIGURE 4, well bore pattern 100 also includes a
set of lateral well bores 120 extending ';rom lateral well bores 110. The lateral well bores
120 may mirror each other on oppositeisides of the lateral well bore 110 or may be offset
from each other along the lateral we]il bore 110. Each of the lateral well bores 120
includes a radius curving portion 122§extending from the lateral well bore 110 and an
elongated portion 124 formed after. éthe curved portion 122 has reached a desired
orientation. For uniform coverage of the area 102, pairs of lateral well bores 120 may be
disposed substantially equally spacec;i on each side of the lateral well bore 110.
Additionally, lateral well bores 120 e):(tending from one lateral well bore 110 may be

disposed to extend between lateral well bores 120 extending from an adjacent lateral well
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bore 110 to provide uniform coverage 6f the area 102. However, the quantity, spacing,
and angular orientation of lateral well béres 120 may be varied to accommodate a variety
of resource areas, sizes and drainage reqtflirements.

FIGURE 5 illustrates a pinnate \Ezvell bore pattern 130 in accordance with another
embodiment of the present invention. Iln this embodiment, the pinnate well bore pattern
130 provides access to a substantially reé:tangular area 132. The pinnate well bore pattern
130 includes a well bore 124 extending% substantially diagonally from each comer of the
area 132 and a plurality of lateral well bores 136 that are formed as described in
connection with well bore 104 and laterial bores 110 of FIGURE 4. For the substantially
rectangular area 132, however, the lateréll well bores 136 on a first side of the well bore
134 include a shallow angle while the l%lteral well bores 136 on the opposite side of the
well bore 134 include a steeper angle tio together provide uniform coverage of the area
132, |

FIGURE 6 illustrates a pinnate well bore pattern 140 in accordance with another
embodiment of the present invention. In this embodiment, the enlarged cavity 30 defines
a first comer of an area 142 of the zone. ;The pinnate well bore pattern 140 includes a well
bore 144 extending diagonally across thd area 142 to a distant corner 146 of the area 142.
Preferably, the well bore 12 and the articulated well bore 40 are positioned over the area
142 such that the well bore 144 is dﬁlted up the slope of the coal seam 16. This will
facilitate collection of water, gas, and othier fluids from the area 142. The well bore 144 is
drilled using the articulated drill string 50 and extends from the enlarged cavity 30 in
alignment with the articulated well bore 40 '

A plurality of lateral well bores i48 extend from the opposites sides of well bore
144 to a periphery 150 of the area 142 as described above in connection with well bores
104 and 110 of FIGURE 4. The lateral \ivell bores 148 may mirror each other on opposite
sides of the well bore 144 or may be offs;bt from each other along the well bore 144. Each
of the lateral well bores 148 includes a ra:dius curvmg portion 150 extending from the well
bore 144 and an elongated portion 152§extending from the radius curving portion 150.
The elongated portion 152 is formed ‘aﬁ;er the curving portion 150 has reached a desired
orientation. The first set of lateral well bjores 148 located proximate to the cavity 30 may
also include-a radius curving portion 154ifotmed after the curving portion 150 has reached
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a desired orientation. In this set, thé: clongated portion 152 is formed after the curving
portion 154 has reached a desired oriefntation. Thus, the first set of lateral well bores 148
kicks or tums back towards the enlargied cavity 30 before extending outward through the
formation, thereby extending the dra;inage area back towards the cavity 30 to provide
uniform coverage of the area 142, For uniform coverage of the area 142, pairs of lateral
well bores 148 are substantially eveﬂ;ly spaced on each side of the well bore 144 and
extend from the well bore 144 at an a.ti1gle of approximately 45 degrees. However, lateral
well bores 148 may be formed at othcir angular orientations relative to the well bore 144.
The lateral well bores 148 shorten in liength based on progréssion away from the exilarged
cavity 30 in order to facilitate dnllm,g of the lateral well bores 148. Additionally, as
illustrated in FIGURE 6, a distance to éhe periphery 150 of the area 142 from the cavity 30
measured along each lateral well bore !l 48 is substantially equal for each lateral well bore
148, thereby facilitating the formation éf lateral well bores 148.

The well bore 144 and the lateriill well bores 148 are formed by drilling through the
enlarged cavity 30 using the arﬁcuhiated drill string 50 and an appropriate drilling
apparatus. During this operation, gamﬁ;m ray logging tools and conventional measurement
while drilling (MWD) technologies émay be employed to control the direction and
orientation of the drill bit so as to retain the well bore pattern 140 within the confines of
the coal seam 16 and to maintain propé;&r spacing and orientation of the well bore 144 and
lateral well bores 148. In a pa.rticular%embodiment, the well bore 144 is drilled with an
incline at each of a plurality of laterai kick-off points 156. After the well bore 144 is
complete, the articulated drill string Sd is backed up to each successive lateral point 156

- from which a lateral well bore 148 is dlrilled on each side of the well bore 144. It should

be understood that the pinnate weil box%e pattern 140 may be otherwise suitably formed in
accordance with the present invention. I

FIGURE 7 is a diagram illustraiting multiple well bore patterns in a subterranean
zone through an articulated well bore 40 intersecting multiple well bores 12 in accordance
with an embodiment of the present invéntion. In this embodiment, four well bores 12 are
used to access a subterranean zone thrc%ugh well bore patterns 60. However, it should be

understood that a varying number of wéll bores 12 and well bore pattems 60 may be used
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depending on the geometry of the undei’lying subterranean formation, desired access area,
production requirements, and other factci?rs.

Referring to FIGURE 7, four wé:ll bores 12 are formed disposed in a spaced apart
and substantially linear formation relative to each other at the surface 14. Additionally,
the articulated well bore 40, in this emljnodiment, is disposed linearly with the well bores
12 having a pair of well bores 12 disposed on each side of the surface location of the
articulated well bore 40. Thus, the weli boéres 12 and the articulated well bore 40 may be
located over a subterranean resource m close proximity to each other and in a suitable
formation to minimize the surface area irequired for accessing the subterranean formation.
For example, according to one embodinixent, each of the well bores 12 and the articulated
well bore 40 may be spaced apart from:each other at the surface 14 in a linear formation
by approximately twenty-five feet, therei)y substantially reducing the surface area required
to access the subterranean resource. As a result, the well bores 12 and articulated well
bore 40 may be formed on or adjeicent toi a roadway, steep hillside, or other limited surface
area. Accordingly, environmental imléaact is minimized as less surface area must be
cleared. Well bores 12 and 40 may also Ebe disposed in a substantially nonlinear formation
in close proximity to each other as described above to mixﬁmize the surface area required
for accessing the subterranean formation%.

As described above, well boresé 12 are formed extending downwardly from the
surface and may be configured as illustfated in FIGURES 1-3 to accommodate a desired
offset distance between the surface locaition of each well bore 12 and the intersection of
the well bore 12 with the coal seam 16 ou' other subterranean formation. Enlarged cavities
30 are formed proximate the coal seam 16 in each of the well bores 12, and the articulated
well bore 40 is formed intersecting eaclfl of the enlarged cavities 30. In the embodiment
illustrated in FIGURE 7, the bottom h_olcit location or intersection of each of the well bores
12 with the coal seam 16 is located eitheir linearly or at a substantially ninety degree angle
to the linear formation of the well borq:s 12 at the surface. However, the location and
angular orientation of the intersection of the well bores 12 with the coal seam 16 relative
to the linear formation of the well b:}ores 12 at the surface 14 may be varied to

accommodate a desired access formation; or subterranean resource configuration.
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Well bore patterns 60 are dn:lled within the target subterranean zone from the
articulated well bore 40 extending from each of the enlarged cavities 30. In resource
removal applications, resources frométhe target subterranean zone drain into each of the
well bore patterns 60, where the resouirces are collected in the enlarged cavities 30. Once
the resources have been collected in the enlarged cavities 30, the resources may be
removed to the surface through the weill bores 12 by the methods described above.

FIGURE 8 is a diagram illus@trating multiple horizontal well bore patterns in a
subterranean zone through an articu]aited well bore 40 intersecting multiple well bores 12
in accordance with another embodimfent of the present invention. In this embodiment,
four well bores 12 are used to collec;t and remove to the surface 14 resources collected
from well bore patterns 60. Howevez%, it should be understood that a ‘varying number of
well bores 12 and well bore patterns 60 may be used depending on the geometry of the
underlying subterranean formation, (ilesired access area, production requirements, and
other factors. '

Referring to FIGURE 8, four \évell bores 12 are formed disposed in a spaced apart
and substantially linear formation rélative to each other at the surface 14. In this
embodiment, the articulated well bore AO is offset from and disposed adjacent to the linear
formation of the well bores 12. As ill\istrated in FIGURE 8, the articulated well bore 40 is
located such that a pair of well bores 112 are disposed on each side of the articulated well
bore 40 in a direction substantially o{‘thogonal to the linear formation of well bores 12.
Thus, the well bores 12 and the éfrticulated well bore 40 may be located over a
subterranean resource in close proxirihity to each other and in a suitable formation to
minimize the surface area required for gas production and coal seam 16 treatment. For
example, according to one embodimeixg each of the well bofcs 12 may be spaced apart
from each other at the surface 14 in a iinear formation by approximately twenty-five feet,
and the articulated well bore 40 ma)'% be spaced apart from each of the two medially-
located well bores 12 by approximateily twenty-five feet, thereby substantially reducing
the surface area required to access 1f;he subterranean resource and for production and
drilling. As aresult, the well bores 12 and articulated well bore 40 may be formed on or
adjacent to a roadway, steep billsi(i:e, or other limited surface area. Accordingly,

environmental impact is minimized as 1ess surface area must be cleared.
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As described above, well bores;i 12 are formed extending downwardly from the
surface and may be configured as illust;*rated in FIGURES 1-3 to accommodate a desired
offset distance between the surface loczi;tion of each well bore 12 and the intersection of
the well bore 12 with the coal seam 16 Enlarged cavities 30 are formed proximate the
coal seam 16 in each of the well bores 12, and the articulated well bore 40 is formed
intersecting each of the enlarged cavitie% 30. In the embodiment illustrated in FIGURE 8,
the bottom hole location or intersection iof each of the well bores 12 with the coal seam 16
is located either linearly or at a substantiia]ly ninety degree angle to the linear formation of
the well bores 12 at the surface. Howﬁever, the location and angular orientation of the
intersection of the well bores 12 with thfe coal seam 16 relative to the linear formation of
the well bores 12 at the surface 14 meily be varied to accommodate a desired drainage
formation or subterranean resource conﬁiguration. |

Well bore patterns 60 are drilléd within the target subterrariean zone from the
articulated well bore 40 extending ﬁonza each of the enlarged cavities 30. In resource
collection applications, resources from tjhe target subterranean zone drain into each of the
well bore patterns 60, where the resourcie,s are collected in the enlarged cavities 30. Once
the resources have been collected in :the enlarged cavities 30, the resources may be
removed to the surface through the well bows 12 by the methods described above.

FIGURE 9 is a flow diagram Eillustrating a method for enhanced access to a
subterranean resource, such as a coal seihm 16, from a limited surface area in accordance
with an embodiment of the present inveintion. In this embodiment, the method begins at
step 500 in which areas to be accessed zind well bore patterns for the areas are identified.
Pinnate well bore pattems may be use%l to provide optimized coverage for the region.
However, it should be understood that otiher suitable well bore patterns may also be used.

Proceeding to step 502, a pluraliqu of well bores 12 are drilled from the surface 14
to a predetermined depth through the c{zaal seam 16. The well bores 12 may be formed
having a substantially linear spaced apx:lrt relationship relative to each other or may be
nonlinearly disposed relative to each othier while minimizing the surface area required for
accessing the subterranean resource. Néxg at stép 504, down hole logging equipment is
utilized to exactly identify the location é)f the coal seam 16 in each of the well bores 12.
At step 506, the enlarged cavities 30 are formed in each of the well bores 12 at the location
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of the coal seam 16. As previously discussed, the enlarged cavities 30 may be formed by
under reaming and other conventional t:echniques.

At step 508, the articulated we}l bore 40 is drilled to intersect each of the enlarged
cavities 30 formed in the well bores 12. At step 510, the well bores 104 for the pinnate
well bore patterns are drilled through the articulated well bore 40 into the coal seam 16
extending from each of the enlarged c'_avities 30. After formation of the well bores 104,
lateral well bores 110 for the pinnate \»fcll bore pattern are drilled at step 512. Lateral well
bores 148 for the pinnate well bore patt;em are formed at step 514.

At step 516, the articulated well bore 40 is capped. Next, at step 518, the enlarged
cavities 30 are cleaned in preparation for installation of downhole production equipment,
The enlarged cavities 30 may be clca.néd by pumping compressed air down the well bores
12 or other suitable techniques. At stef) 520, production equipment is installed in the well
bores 12. The production equipmént may include pumping units and associated
equipment extending down into the cavi;ities 30 for removing water from the coal seam 16.
The removal of water will drop the pr:essure of the coal seam and allow methane gas to .
diffuse and be produced up the annulus iof the well bores 12.

Proceeding to step 522, water that drains from the well bore pattems into the
cavities 30 is pumped to the surface i4. Water may be continuously or intermittently
pumped as needed to remove it from tjle cavities 30. At step 524, methane gas diffused
from the coal seam 16 is continuously collected at the surface 14. Next, at decisional step
526, it is determined whether the prodzilction of gas from the coal seam 16 is complete.
The production of gas may be complete; after the cost of the collecting the gas exceeds the
revenue generated by the well. Or, gas %may continue to be produced from the well until a
remaining level of gas in the coal seam§: 16 is below required levels for mining operations.
If production of the gas is not completei, the method returns to steps 522 and 524 in which
water and gas continue to be removeid from the coal seam 16. Upon completion of
production, the method proceeds from step 526 to step 528 where the production
equipment is removed.

Next, at decisional step 530, it:is determined whether the coal seam 16 is to be
further prepared for mining 0perations.f If the coal seam 16 is to be further prepared for

mining operations, the method proceeds to step 532, where water and other additives may
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be injected back into the coal seam 16 to rehydrate the coal seam 16 in order to minimize
dust, improve the efficiency of mining, aind improve the mined product.

If additional preparation of the coal seam 16 for mining is not required, the method
proceeds from step 530 to step 534, where the coal seam 16 is mined. The removal of the
coal from the coal seam 16 causes the mined roof to cave and fracture into the opening
behind the mining process. The collapsed roof creates gob gas which may be collected at
step 536 through the well bores 12. Accordingly, additional drilling operations are not
required to recover gob gas from a mined coal seam 16. Step 536 leads to the end of the
process by which a coal seam 16 is efficiently degasified from the surface. The method
provides a symbiotic relationship with the mine to remove unwanted gas prior to mining
and to rehydrate the coal prior to the mining process.

Thus, the present invention provfdes greater access to subterranean resources from
a limited surface area than prior systems;and methods by providing decreasing the surface
area required for dual well systems. For e_zxample, a plurality of well bores 12 may be
disposed in close proximity to each other, for example, in a linearly or nonlinearly spaced

apart relationship to each other, such that the well bores 12 may be located along a

.roadside or other genera{lly small surface area. Additionally, the well bores 12 may

include angled portions 20, 72 or 80 to: accommodate formation of the articulated well
bore 40 in close proximity to the wéll bores 12 while providing an offset to" the
intersection of the articulated well bore 40 with the well bores 12.

FIGURE 10 is a flow diagram !illustrating a method for enhanced access to a
subterranean resource, such as a coal sea:m 16, from a limited surface area in accordance
with an embodiment of the present inveifntion. In this embodiment, the method begins at
step 600 in which areas to be accessed and well bore patterns for the areas are identified.
Pinnate well bore patterns may be used to provide optimized coverage for the region.
However, it should be understood that other suitable well bore patterns may also be used.

Proceeding to step 602, the portion 18 of the well bore 12 is formed to a
predetermined depth. As described above in connection with FIGURE 1, the depth of the
portion 18 may vary depending on the location and desired offset distance between the
intersection of the well bore 12 with the toal seam 16 and the surface location of the well
bore 12. The angled portion 20 of the well bore 12 is formed at step 604 extendi'ng from
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the portion 18, and the portion 22 of tﬁe well bore 12 is formed at step 606 extending from
the -angled portion 20. As described above in connection with FIGURE 1, the angular
orientation of the angled portion 20 and the depth of the intersection of the angled portion
20 with the portion 22 may vary to accommodate a desired intersection location of the coal
seam 16 by the well bore 12. .

Next, at step 608, down hole l@)gging equipment is utilized to exactly identify the
location of the coal seam 16 in the wéll bore 12. At step 610, the enlarged cavity 30 is
formed in the portion 22 of the well%bore 12 at the location of the coal seam 16. As
previously discussed, the enlarged cavity 30 may be formed by under reaming and other
conventional techniques. : |

At step 612, the articulated well bore 40 is drilled to intersect the enlarged cavity
30 formed in the portion 22 of the weéll bore 12. At step 614, the well bore 104 for the
pinnate well bore pattemn is drilled ﬂmréugh the articulated well bore 40 into the coal seam
16 extending from the enlarged cavftj 30. After formation of the well bore 104, lateral
well bores 110 for the pinnate well box%e pattern are drilled at step 616. Lateral well bores
148 for the pinnate well bore pattern ane formed at step 618.

FIGURE 11 is a flow diagramn illustrating a method for enhanced access to a
subterranean resource, such as a coal s;eam 16, from a limited surface area in accordance
with an embodiment of the present imi'ention. In this embodiment, the method begins at
step 700 in which areas to be accessed and well bore pattems for the areas are identified.
Pinnate well bore patterns may be u#ed to provide optimized coverage for the region.
However, it should be understood that tj)ther suitable well bore patterns may also be used.

Proceeding to step 702, the iaortion 70 of the well bore 12 is formed to a
predetermined depth. As described abi)ve in connection with FIGURE 2, the depth of the
portion 70 may vary depending on th:e location and desired offset distance between the
intersection of the well bore 12 with the coal seam 16 and the surface location of the well
bore 12. The angled portion 72 of the well bore 12 is formed at step 704 extending
downwardly from the portion 70. As described above in connection with FIGURE 2, the
angular orientation of the angled pprtion 72 may vary to accommodate a desired

intersection location of the coal seam 16 by the well bore 12.
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Next, at step 706, down hole loéging equipment is utilized to exactly identify the
location of the coal seam 16 in the well bore 12. At step 708, the enlarged cavity 30 is
formed in the angled portion 72 of the well bore 12 at the location of the coal seam 16. As

previously discussed, the enlarged cavit%y 30 may be formed by under reaming and other

~ conventional techniques.

At step 710, the articulated well%bore 40 is drilled to intersect the enlarged cavity
30 formed in the angled portion 72 of thc well bore 12. At step 712, the well bore 144 for
the pinnate well bore pattern is drilled through the articulated well bore 40 into the coal
seam 16 extending from the enlarged cavity 30. After formation of the well bore 144, a
first radius curving portion 150 of a lateial well bore 110 for the pinnate well bore pattern
is drilled at step 714 extending from thé well boré 144. A second radius curving portion
152 of the lateral well bore 110 is forined at step 716 extending from the first radius
curving portion 150. The elongated pori:tion 154 of the lateral well bore 110 is formed at
step 718 extending from the second radi;us curving portion 152, At decisional step 720, a
determination is made whether additionall lateral well bores 110 are required. If additional
lateral well bores 110 are desired, the method returns to step 714. If no additional lateral
well bores 110 are desired, the method exilds.

Figure 12 is a flow diaéx‘am illustrating a method for enhanced access to a
subterranean resource, such as a coal seam 16, from a limited surface area in accérdance
with an embodiment of the present invention. In this embodiment, the method begins at
step 800 in which areas to be accessed ::md well bore patterns for the areas are identified.
Pinnate well bore patterns may be used to provide optimized coverage for the region.
However, it should be understood that ot;her suitable well bore patterns may also be used.

Proceeding to step 802, the angléed portion 80 of the well bore 12 is formed. As
described above in connection with FIGURE 3, angular orientation of the angled portion
S0 may vary to accommodate a desired% intersection location of the coal seam 16 by the
well bore 12. Next, at step 804, dow%n bole logging equipment is utilized to exactly
identify the location of the coal seam 16 in the well bore 12. At step 806, the enlarged
cavity 30 is formed in the angled portiorfx 80 of the well bore 12 at the location of the coal
seam 16. As previously discussed, thfe enlarged cavity 30 may be formed by under

reaming and other conventional techniques.
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At step 808, the articulated wefll bore 40 is drilled to intersect the enlarged cavity
30 formed in the angled portion 80 of ﬂle well bore 12. At step 810, the well bore 104 for
the pinnate well bore pattem is drilleail through the articulated well bore 40 into the coal
seam 16 extending from the en]argedi cavity 30. After formation of the well bore 104,
lateral well bores 110 for the pinnate well bore pattern are drilled at step 812. Lateral well
bores 148 for the pinnate well bore pat’itcm are formed at step 814.

Thus, the present invention pravides greater access to subterranean resources from

a limited surface area than prior systems and methods by decreasing the surface area

required for dual well systems. For e)%(ample, according to the present invention, the well
bore 12 may be formed having an ahgled portion 20, 72 or 80 disposed between the
surface 14 and the coal seam 16 to prﬁovide an offset between the surface location of the
well bore 12 and the intersection of ithe well bore 12 with the coal seam 16, thereby
accommodating formation of the articulated well bore 40 in close proximity to the surface
location of the well bore 12.

FIGURE 13 is a diagram illustfating system 10 for accessing a subterranean zone
200 in accordance with an embodirﬁent of the present invention. As illustrated in
FIGURE 13, the well bore 40 is disposéd offset relative to Aa pattern of well bores 12 at the
surface 14 and intersects each of the well bores 12 below the surface 14. In this
embodiment, well bores 12 and 40 afe disposed in a substantially nonlinear pattern in
close proximity to each other to minimize the area required for the well bores 12 and 40 on
the surface 14. In FIGURE 13, well%bores 12 are illustrated having a conﬁguration as
illustrated in FIGURE 1; however, itéshould Be understood that well bores 12 may be
otherwise configured, for example, as i;ilustrated in FIGURES 2-3.

Referring to FIGURE 13, wellE bore patterns 60 are formed within the zone 200
extending from cavities 30 located at ﬂie intersecting junctions of the well bores 12 and 40
as described above. Well bore patterns: 60 may comprise pinnate patterns, as illustrated in
FIGURE 13, or may include other siuitable pétterns for accessing the zone 200. As
illustrated in FIGURE 13, well bores :12 and 40 may be disposed in close proximity to
each other at the surface 14 while providing generally uniform access to a generally large
zone 200. For example, as discussed above, well bores 12 and 40 may be disposed within

approximately 30 feet from each otheir at the surface while providing access to at least
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approximately 1000-1200 acres of the zéme 200. Further, for example, in a nonlinear well
bore 12 and 40 surface pattern, the wzell bores 12 and 40 may be disposed in an area
generally less than five hundred square ifeet, thereby minimizing the footprint required on
the surface 14 for system 10. Thus, the well bores 12 and 40 of system 10 may be located
on the surface 14 in close proximity to; each other, thereby minimizing disruption to the
surface 14 while providing generally uniform access to a relatively large subterranean
zone.

Although the present invention; has been described with several embodiments,
various changes and modifications ma:y be suggested to one skilled in the art. It is
intended that the present invention enéompass such changes and modifications as fall

within the scope of the appended claims.i
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WHAT IS CLAIMED IS: -
1. A method for accessing a subsurface formation from a limited surface area,
comprising: '

forming a first well bore extending from the surface to the target zone, the well
bore having an angled portion disposeﬁ between the target zone and the surface;
| forming a second well bore éxtending from the surface to the target zone, the
second well bore offset from the first well bore at the surface and intersecting the first well
bore at a junction proximate the targetilzonc; and
forming through the second well bore a well bore pattern, the well bore pattern

extending from the junction into the tai'get zone.

2. The method of Claim 1, wherein forming the first well bore comprises

forming the angled portion extending from the surface to the target zone.

3. The method of Claim 1, wherein forming the first well bore comprises
forming a substantially vertical portion of the first well bore disposed between the angled

portion and the surface.

4, The method of Claim 1; wherein forming the first well bore comprises:

forming a first substantially vértical portion disposed between the angled portion
and the surface; and : ‘ _

forming a second substantiall;r vertical portion disposed between the target zone

and the angled portion.

5. The method of Claim l, further comprising forming an enlarged cavity in

the target zone at an end of the well boire pattern proximate to the first well bore.

6. The method of Claim i, wherein forming the well bore pattern comprises

forming a pinnate well bore pattern.
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7. The method of Claim 6, iwherein forming the pinnate well bore pattern

comprises forming a set of lateral well botes extending from a main well bore.

8. The method of Claim 6, iwherein forming the pinnate well bore pattern
comprises:

forming a first set of lateral well b?pres extending from a main well bore; and

forming a second set of lateral wefl bores extending from the first set of lateral well

bores.

9. A system for accessing a sfubsurfacé formation from a limited surface area,
comprising: :
a first well bore extending from tile surface to the target zone, the first well bore
having an angled portion disposed betweein the target zone and the surface;

a second well bore extending from the surface to the target zone, the second well
bore offset from the first well bore at thqi surface and intersecting the first well bore at a
junction proximate the target zone; and :

a well bore pattemn extending ﬁ'omi the junction into the target zone.

10.  The system of Claim 9, wéherein the angled portion of the first well bore
extends from the surface to the target zoné..

11.  The system of Claim 9, %/herein the first well bore further comprises a
substantially vertical portion disposed bet\'[veen the angled portion and the surface.

12.  The system of Claim 9, whéarein the first weli bore further comprises:

a first substantially vertical porﬁoitn disposed between the angled portion and the
surface; and : '

a second substantially vertical poii‘tion disposed between the target zone and the
angled portion. :
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13.  The system of Claim 9, further comprising an enlarged cavity disposed in

the target zone at an end of the well bore pattern proximate to the first well bore.

14.  The system of Claim 9, wherein the well bore pattem comprises a pinnate

well bore pattern.

15.  The system of Claim 14, wherein the pinnate well bore pattem comprises a

set of lateral well bores extending froEm a main well bore.

16.  The system of Claim 1%4, wherein the pinnate well bore pattern comprises:
a first set of lateral well bores extending from a main well bore; and

a second set of lateral well botes extending from the first set of lateral well bores.

17. A method for accessing a subsurface formation from a limited surface area,
comprising: |

forming a first well bore ﬁém the surface to a target zone of the subsurface
formation, the first well bore having ésubstantially vertical portion and an angled portion;

forming a second well bore extending from the surface to the target zone, the
second well bore offset from the first well bore at the surface and intersecting the first well
bore at a junction proximate the target zone;

forming a ‘well bore pattemi extending from the junction into the target zone
operable to collect resources; and -

removing resources from the target zone through the first well bore.

18.  The method of Claim 1i7, wherein forming the first well bore comprises:

forming the substantially vertifr.:al portion extending downwardly from the surface;
and .

forming the angled portion extending from the substantially vertical portion to the

target zone.
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19.  The method of Claim 17, further comprising forming an enlarged cavity in

the target zone at an end of the well bor§ pattern proximate to the first well bore.

20.  The method of 17, wherein forming the well bore pattern comprises

forming a pinnate well bore pattern.

21.  The method of Claim 29, wherein forming the pinnate well bore pattern

comprises forming a plurality of lateral well bores extending from a main well bore.

22.  The method of Claim 20, wherein forming the pinnate well bore pattern
comprises:

forming a first set of lateral well ;bores extending from a main well bore; and

forming a second set of lateral w;bll bores extending from the first set of lateral well

bores.

23. The method of Claim 17,§whcrein forming the first well bore comprises:

forming the substantially vertical;f portion extending downwardly from the surface;

forrﬁing the angled portion extenfding downwardly from an end of the substantially
vertical portion; and

forming another substantially vexi'tical portion extending from an end of the angled
portion to the target zone. .

24. A system for extracting r?:sou'rces from a subsurface formation, comprising:

a plurality of well bores each extending from the surface to a target zone, each of
the plurality of well bores disposed s&bstantially linearly relative to each other at the
surface; :

an articulated well bore exten;ding from the surface to the target zome, the
articulated well bore offset from each ‘:o'f the plurality of well bores at the surface, the
articulated well bore intersecting each of; the plurality of well bores at a junction proximate

the target zone;
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a plurality of well bore patterns,each well bore pattern extending from the Jjunction
of the articulated well bore and one oif the plurality of well bores into the target zone
operable to collect resources; and ‘

a pumping unit disposed proximate at least one of the well bore patterns operable
to remove resources from the target zorfe through at least one of the respective plurality of

well bores.

25.  The system of Claim 24, wherein the articulated well bore is disposed
substantially linearly relative to the plurality of well bores at the surface.

26.  The system of Claim 24, Mer comprising a plurality of enlarged cavities,
each enlarged cavity disposed at an end:of one of the well bore patterns proximate one of

the respective plurality of well bores.

27.  The system of Claim 24, ;wherein each of the well bore patterns comprises a

pinnate well bore pattem.

28.  The system of Claim 27, wherein each of the pinnate well bore patterns
comprises a plurality of lateral well bores extending from a main well bore.

29.  The system of Claim 27, wherein each of the pinnate well bore patterns
comprises: :

a first set of lateral well bores extending from a main well bore; and

a second set of lateral well bores extending from the first set of lateral well bores.

30.  The system of Claim 24, iwherein at least one of the plurality of well bores

comprises an angled portion extending fvfom the surface to the target zone.

31.  The system of Claim 24, wherein at least one of the plurality of well bores
comprises: :

a substantially vertical portion exitending downwardly from the surface; and
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an angled portion extending from the substantially vertical portion to the target

zone.

32.  The system of Claim 24, 'wherein at least one of the plurality of well bores
comprises: :

a first substantially vertical portién extending downwardly from the surface;

an angled portion extending dfownwé.rdly from the first substantially vertical
portion; and

a second substantially vertical portion extending from the angled portion to the

target zone.

33. A method for extractillg resources from a subsurface formation,
comprising:

forming a plurality of well bores each extending from the surface to a target zone,
each of the plurality of well bores disposed substantially linearly relative to each other at
the surface; :

forming an articulated well bore%extending from the surface to the target zone, the
articulated well bore offset from each :of the plurality of well bores at the surface, the
articulated well bore intersecting each of the plurality of well bores at a junction proximate
the target zone; -

forming a plurality of well bore jEpatterns, each well bore pattern extending from a
respective junction into the target zone and operable to collect resources; and

removing resources from the tz{irget zone through each of the plurality of well

bores.

34.  The method of Claim 33, wherein forming the articulated well bore
comprises forming the articulated well bore disposed substantially linearly relative to the

plurality of well bores at the surface.
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35.  The method of Claim 3?3, further comprising forming a plurality of enlarged
cavities, each enlarged cavity disposefd an end of one of the well bore patterns proximate

one of the respective plurality of well i_aores.

36. The method of Claim 33, wherein forming the plurality of well bore

patterns comprises forming a pluralityi of pinnate well bore patterns.

37. The method of Claim 36, wherein forming each of the pinnate well bore
pattems comprises forming a plurality of lateral well bores extending from a main well

bore.

38. The method of Claim ?6, wherein forming each of the pinnate well bore
pattems comprises: :

forming a first set of lateral we.”ll bores extending from a main well bore; and

forming a second set of lateral iwell bores extending from the first set of lateral well -

bores.

39. The method of Cla.lm 33, wherein forming the plurality of well bores
comprises forming at least one of the plurality of well bores having an angled portion

extending from the surface to the target zone.

40.  The method of Claim 1:}3, wherein forming at least one of the plurality of
well bores comprises: 5

forming a substantially verticél portion extending downwardly from the surface;

and

forming an angled portion extending from the substantially vertical portion to the

target zone.
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41.  The method of Claim 33, wherein forming at least one of the plurality of
well bores comprises: :

forming a first substantially \éenical portion extending downwardly from the
surface;

forming an angled portion extending downwardly from the first substantially
vertical portion; and ' _

forming a second substantially vertical portion extending from the angled portion

to the target zone.

42. A system for extracting resources from a subsurface formation, comprising:

a first well bore extending from the surface to ‘a target zone of the subsurface
formation, the first well bore having a sﬁbstantially vertical portion and an angled portion;

a second well bore extending ﬁ'c}m the surface to the target zone, the second well
bore offset from the first well bore at tile surface and intersecting the first well bore at a
junction proximate the target zone;

a well bore pattern extending from the junction into the target zone operable to
collect resources; and

a production unit disposed in the first well bore operable to rémove resources from

the target zone through the first well bore to the surface.

43.  The system of Claim 42%, wherein the substantially vertical portion of the
first well bore extends downwardly ﬁ'otn the surface, and wherein the angled portion of
the well bore extends from the substantiélly vertical portion to the target zone.

44,  The system of Claim 42,5 further 6omprising an enlarged cavity formed in

the target zone at an end of the well boré pattern proximate to the first well bore.

45.  The system of 42, wherein the well bore pattern comprises a pinnate well

bore pattern.
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46.  The system of Claim 45, wherein the pinnate well bore pattem comprises a

plurality of lateral well bores extending from a main well bore.

47.  The system of Claim 45, wherein the pinnate well bore pattern comprises:
a first set of lateral well bores extending from a main well bore; and

a second set of lateral well bores extending from the first set of lateral well bores.

48.  The method of Claim 42, wherein the first well bore comprises:

the substantially vertical portion extending downwardly from the surface;

the angled portion extending dbwnwardly from an end of the substantially vertical
portion; and

another substantially vertical portion extending from an end of the angled portion

to the target zone.

49. A method for accessing a subsurface formation from a limited surface area,
comprising:

forming a plurality of first well bores extending from the surface to the target zone,
at least one of the first well bores having an angled portion disposed between the target
zone and the surface;

forming a second well bore éxtending from the surface to the target zone, the
second well bore offset from each of the first well bores at the surface, the second well
bore intersecting each of the first wel:l bores at a junction proximate the target zone, the
first well bores and the second well bt}re disposed within a five hundred square foot area
on the surface area; and

forming a well bore pattern extending from each of the respective junctions into

the target zone,

50.  The method of Claim 49, wherein forming the at least one first well bore

comprises forming the angled portion extending from the surface to the target zone.
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51. The method of Claim 49, wherein forming the at least one first well bore
comprises forming a substantially vertical portion of the at least one first well bore

disposed between the angled portion and the surface.

52. The method. of Claim 49; wherein forming the at least one first well bore
comprises:

forming a first substantially vertical portion disposed between the angled portion
and the surface; and

forming a second substantially vertical portion disposed between the target zone
and the angled portion.

53.  The method of Claim 49,: further comprising forming an enlarged cavity in
the target zone at an end of each of the respective well bore patterns proximate to the

plurality of first well bores.

54,  The method of Claim 49, wherein forming the well bore pattern comprises

forming a pinnate well bore pattern.

55. The method of Claim 54, wherein forming the pinnate well bore pattern

comprises forming a set of lateral well bores extending from a main well bore.

56.  The method of Claim 49, ?wherein forming the well bore patterns comprises
forming the well bore patterns to provide access to over five hundred acres of the target

zone.

57.  The method of Claim 49, wherein forming the well bore patterns comprises
forming the well bore patterns to provide access to over one thousand acres of the target

zone.

58.. The method of Claim 49, wherein forming the second well bore comprises

forming the second well bore within one hundred feet of one of the first well bores.
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59, The method of Claim 319, wheréin forming the second well bore comprises

forming the second well bore within fifty feet of one of the first well bores.

60.  The method of Claim ?9, wherein forming the plurality of first well bores
comprises forming the plurality of first well bores in substantially linear alignment with

the second well bore.

61.  The method of Claim 49, wherein forming the plurality of well bores
comprises forming each of the plurality of first well bores having an angled portion

disposed between the target zone and the surface.

62. A system for accessiné a subsurface formation from a limited surface area,
comprising:

a-plurality of first well bores es(tcnding from the surface to the target zone, at least
one of the first well bores having an angled portion disposed between the target zone and
the surface; ' .

a second well bore extending from the surface to the target zone, the second well
bore offset from each of the plurality of first well bores at the surface, the second well
bore intersecting each of the plurality of first well bores at a junction proximate the target
zone, the second well bore disposed évithin four hundred feet of each of the plurality of
first well bores at the surface; and

a well bore pattem extending fl'om each of the respective junctions into the target

zone.

63.  The system of Claim 62, wherein the angled portion of the at least one first

well bore extends from the surface to the target zone.

64.  The system of Claim 62, wherein the at least one first well bore further
comprises a substantially vertical por,frtior_l disposed between the angled portion and the

surface.
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65.  The system of Claim 62, ?)vherein the at least one first well bore comprises:

a first substantially vertical poréion disposed between the angled portion and the
swface; and :

a second substantially vertical ﬁorﬁon disposed between the target zone and the

angled portion.

66.  The system of Claim 62, ifurther comprising an enlarged cavity disposed in
the target zone at an end of each of the i‘cspective well bore patterns proximate to each of

the respective plurality of first well bores.

67.  The system of Claim 62, éwherein the well bore pattern comprises a pinnate

well bore pattern.

68. The system of Claim 62,; wherein the second well bore is disposed within
two hundred feet of each of the plurality:gof first well bores.

69. The system of Claim 62,§ wherein the secdnd well bore is disposed within
one hundred feet of each of the plurality (of first well bores.

70. The system of Claim 62,2 wherein the second well bore is disposed within
fifty feet from each of the plurality of first well bores.

71.  The system of Claim 62,% wherein the well bore pattems extend within the

target zone to provide access to over five hundred acres of the target zone.

72.  The system of Claim 62,; wherein the well bore paﬁems extend within the

target zone to provide access to over one thousand acres of the target zone.

73.  The system of Claim 62, wherein the’ plurality of first well bores are
disposed in substantially linear alignmenft with the second well bore.
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